Study Design. A prospective cohort study.
N umerous epidemiologic studies have demonstrated that health is unequally distributed across socioeconomic positions, that is accumulation of subjective health complaints, diseases, and premature deaths among individuals in the lower positions. 1 Education is a frequently used indicator of socioeconomic position in epidemiology, 2 and there is evidence of a social gradient of major chronic diseases and other health measures in studies of employed populations. 3 Accordingly, an association between lower socioeconomic position and low back pain (LBP) is well established, but only a few studies have examined the extent to which this gradient can be explained by work environment factors. 4, 5 LBP is a common health problem responsible for 11% to 13 .5% of all sick days in the working population and is one of the largest single causes of absenteeism in western countries. 6 Inability to work because of LBP generates considerable costs to the individual as well as to society and there is a need for more knowledge regarding the impact of specific risk factors at the workplace.
Several work-related mechanical risk factors for LBP have been reported in prospective studies. They include ''bending or twisting,'' 7 ''kneeling or squatting,'' 8 ''prolonged standing,'' 9 and ''nursing tasks'' (e.g., manually moving patients). 10 These types of factors are more prevalent among workers with lower levels of education and have been reported to explain a substantial portion of the social gradient in LBP. 11 In recent decades, there has been increased emphasis on work-related psychosocial factors in epidemiological studies of LBP. Recently published meta-analyses have reported that monotonous work, high job demands, and low job control are important risk factors. 12, 13 Studies have also shown that some psychosocial risk factors are clustered in lower socioeconomic groups, but the picture is mixed and there is not always a clear social gradient in psychosocial working conditions. 14 Only a few studies have focused on both mechanical and psychosocial working conditions as contributors to LBP inequalities, 5, 15 and to the best of our knowledge, this has not been studied prospectively among both men and women in the general working population. In earlier prospective analyses of the present cohort, we have shown that several work environment factors predict changes in LBP over time. 16 The purpose of the present study was to estimate the differences in risk of LBP between educational level groups in a randomly selected 3-year nationwide prospective cohort, and the degree to which these differences were explained when taking into account a wide range of mechanical and psychosocial risk factors at work. . Respondents who were in paid work for at least 1 hour during the reference week, or were temporarily absent from such work, at both time points (n ¼ 6819) constituted the follow-up sample in the present study. Average weekly working hours at baseline was 37.7 hours/week and 95% of the sample reported to work on average between 16.0 and 56.5 hours/week.
PARTICIPANTS AND METHODS

Measurement
The outcome measure was the reported intensity of LBP during the 4 weeks prior to answering the questionnaire: ''Have you, over the past month, been severely afflicted by, somewhat afflicted by, a little afflicted by or not afflicted at all by pain in the small or lower part of the back?'' Cases were defined as respondents who reported being severely or somewhat afflicted at follow-up.
Educational level was based on administrative register data and was coded into five educational levels: group 1: university/college !4 years; group 2: university/college 4 years; group 3: upper secondary; group 4: incomplete upper; group 5: elementary secondary. Information on sex and age was registry-based. Average weekly working hours (Working hours) were measured with a single question: How many hours do you normally work in total per week in your main job?
Perceived mechanical workload was measured with six items demonstrated to predict LBP in a previous study: standing; squatting/kneeling; awkward lifting; heavy lifting, lifting persons; and whole body vibration. 16 Scores were coded on a scale from 1 (not exposed or exposed very little of the workday) to 4 (exposed 3/4 of the workday or more).
Perceived psychosocial factors at work included job demands (two items), low job control (four items), role conflict (three items), and monotonous work (one item). The items have been described elsewhere and all factors have been demonstrated to predict LBP in a previous study. 16 All factors were used as continuous variables (range 1-5).
Statistical Analysis
Univariate analyses of variance (UNIANOVA) were used to compare mean scores for work-related psychosocial variables by sex and educational group. The associations between educational level and LBP were calculated as odds ratios (ORs) with 95% confidence intervals with the highest educational group (group 1) as the reference category. The analyses were stratified by sex, and conducted stepwise with both separate and simultaneous adjustments. First, in the initial models, we adjusted for age, LBP at baseline, and working hours (initial ORs). Next, we added each workrelated mechanical factor, one at a time. Then, we adjusted for all the mechanical factors simultaneously. The same procedure was applied for the work-related psychosocial factors. Finally, we added all factors simultaneously (adjusted ORs). The impact of each separate factor or set of factors on the educational gradient was estimated as the percentage change in OR when comparing the adjusted ORs to the initial ORs using the formula: (OR adjusted À OR initial )/(OR initial À 1)Â100.
RESULTS
In total, 11.2% (397 individuals) among men and 14.4% (461 individual) among women were classified with LBP at follow-up. There was a strong social gradient ranging from 16.9% (elementary) to 6.4% (university/college !4 years) for men and from 22.4% (elementary) to 7.5% (university/ college !4 years) among women ( Table 1 ). As shown in Table 2 , there were statistically significant differences between educational groups for age and working hours. Average weekly working hours was substantially lower in educational group 3 through 5 among women. There were statistically significant differences between educational groups for all mechanical factors evaluated among both men and women. For psychosocial factors, the reporting was mixed. Employees in the three lower educational groups (groups 3 through 5) reported lower levels of job control and higher degree of monotonous work. In contrast, employees in the highest educational category (group 1) reported higher levels of job demands and role conflict. In men, educational groups 3 through 5 had a significantly higher risk of LBP, after adjustment for age and LBP at baseline. Adjusting for working hours did not change the estimates. ORs ranged from 1.81 to 2.26. Compared to the initial model, adjustment for mechanical factors reduced ORs by 39% to 43%. The most important factors were standing, squatting/kneeling, and awkward lifting. Adjusting for psychosocial factors reduced ORs by 5% to 12% in educational groups 3 to 5. The important psychosocial factor was monotonous work (ORs reduced by 12%-19%). When all variables were entered simultaneously, the differences between group 1 and groups 3 to 5 were reduced by 45% to 46% and were no longer statistically significant (Table 3) .
In women, educational groups 3 through 5 had s a significantly higher risk of LBP. After adjustment for age and LBP at baseline ORs ranged from 1.72 to 2.67. Further adjusting for average weekly working hours increased the observed differences by 24% to 26% in educational groups 3 to 5. Compared with the initial model (adjusted for age, LBP, and working hours), adjusting for mechanical factors reduced ORs by 28% to 34%. The most important factor across all educational groups was standing. Other factors were squatting/kneeling, awkward lifting, and lifting of person. Adjusting for psychosocial factors increased ORs by 7% to 11% in educational groups 3 to 5. The contributing factor was job demands, which increased ORs by 14% to 19%. In contrast, adjusting for monotonous work reduced ORs by 6% to 9% (Table 4) . 
DISCUSSION
We found a substantial social gradient in LBP in both men and women. Corrected for age, LBP at baseline and working hours, the risk of LBP at follow-up was between 1.8 and 2.3 (men) and 1.9 and 3.9 (women) times higher among employees with basic or upper secondary education level compared to employees with at least 4 years of university/college education. Mechanical and psychosocial factors at work explained between 45% and 46% and between 23% and 28% of the social gradient among men and women, respectively. A substantial part of the gradient was attributable to mechanical factors, whereas psychosocial factors played a modest role in explaining the social gradient in LBP. Our results are in line with the few previously published studies on this subject. 5, 15 A novel finding in the present study was that working hours and psychosocial factors were associated with an increased gradient among women. In line with some previous studies, the present study showed that the level of job demands and the level of weekly working hours are higher among employees with higher levels of education.
14 Correspondingly, studies have also shown that adjusting for job demands increased the inequalities in self-reported health. 17, 18 In contrast, monotonous work was more prevalent among employees with lower levels of education. Monotonous work explained between 12% and 19% (men) and 6% and 9% (women) of the excess risk of LBP among employees with lower levels of education. Monotonous work can be understood as the ''skill discretion'' dimension in Karasek's much-studied Job DemandControl-Support model. The skill discretion dimension of the job control construct pertains to the variety of work and the opportunity to use skills. Previous studies have reported that low job control may explain between 10% and 15% of the social gradient in LBP. 5, 15 Hence, the results for monotonous work supports the assumption that aspects of skill discretion may be an important pathway for the shown social gradients.
Results for mechanical factors were more consistent as adjusting for all mechanical factors were associated with a decreased social gradient in LBP. The most important factors were standing, squatting/kneeling, and awkward lifting. Mechanical exposures at the workplace played an important role in explaining the social gradient in LBP, 39% to 43% of the differences in LBP among men and 28% to 34% of the difference in LBP among women, respectively. Our results are in line with the majority of the few previously published studies on the subject. In a prospective study among male employees from a company in France (the Gazel cohort), mechanical strain explained 45% to 73% of the increased risk of LBP among clerks and blue-collar workers compared with managers. 5 Corresponding numbers in a cross-sectional study in the general working population in Oslo, Norway were a 22% to 38% reduction among men and a 32% to 49% reduction among women comparing unskilled and skilled workers to higher-grade professionals. A crosssectional study from France reported that the social gradient in LBP was fully explained when adjusting for self-reported exposure to present and past tiring work postures and handling of heavy loads. 11 In contrast, a study in Germany based on a rather small sample of subjects with past history of back pain was unable to explain the relation between education and severe back pain by occupational factors. 19 The strengths of this study are that it was a large nationwide study using random sampling; it used a prospective design with a comprehensive set of work-related psychosocial and mechanical exposures measured. This made the dataset appropriate for the study of potential pathways for educational inequalities in LBP. Even though a substantial percentage (39%) of eligible respondents did not respond to the survey at baseline, those who did respond were not substantially different on the benchmarks of age, sex, and region. 20 Moreover, the follow-up sample did not differ from the baseline sample with respect to the prevalence of LBP at baseline. The associations between different types of exposure and LBP in the two samples were also similar across the two samples. 16 Thus, there is no reason to suspect any exposure or outcome bias due to dropout from baseline to follow-up, at least not to the extent that it impacts substantially on the observed results. On the other hand, we do not know whether people with poor health were less likely to respond at baseline. In addition, the most vulnerable people may no longer be part of our cohort because of having left their jobs. Both of these selection processes may lead to biased and most likely attenuated estimates, and thus threaten the internal validity. Moreover, the present study did not have data on behavioral factors (i.e., smoking, physical activity, and body mass index) that may act as confounders of the associations between educational groups, working conditions, and LBP. 21 However, studies have shown that adjusting for lifestyle factors do not have a substantial impact on the observed association between educational groups, working conditions, and LBP 5 or self-reported health. 4 In conclusion, a social gradient in LBP was evident in both men and women. The impact of working conditions on this gradient was stronger in men than in women. Interventions aimed at reducing the social gradient in LBP in the general working population may benefit from focusing on monotonous jobs involving awkward lifting, squatting kneeling and prolonged standing.
Key Points
A social gradient in low back pain (LBP) is well established, but the extent to which occupational exposures are pathways for this gradient has not previously been studied prospectively in the general working population. This nationwide study confirms the social gradient in LBP and shows that the impact of working conditions on this gradient was stronger in men than in women.
Mechanical factors were a pathway for a substantially decreased social gradient in LBP among both men and women. The impact of psychosocial factors was modest among men, and contributed to an increased gradient among women.
